INTRODUCTION
The theory of tapped density (1, 2) and the associated experimental procedures are not new developments in science and engineering (3) (4) (5) (6) . However, they are new in their applied forms to agricultural wastes for composite developments. Agricultural wastes are becoming the central focus of many investigations on composite science and technology because of the immense benefits that they offer (7) (8) (9) . The widely investigated area of natural-based biodegradable polymer (which includes poly (lactic acid), thermoplastic starch, polyhydroxy-alkanoate) as well as petroleum-based biodegradable polymer, see (10) (11) are an example of the beneficial aspects of biodegradable composites. Agricultural wastes for composites are regarded as light-weight and very low density materials (12) and hence fill the gap of providing an alternative to metals, which are relatively heavier, and have the disadvantage of high weight per unit area. Thus, agricultural wastes qualify for high-quality, customer-centred and customer desirable characteristics in reinforcing fillers used in composite fabrication. Second, agricultural wastes (13, 14) exhibit a relatively low range of processing temperatures as well as the curing temperatures when used as reinforcing materials in composites. Experience has shown that a commonly employed temperature is the room temperature and the composite outputs are known to perform satisfactorily.
Third, the manufacturing cost of composites that uses agricultural wastes as fillers is low (15) . This is obvious as the reinforcing fillers are free of cost in many instances. Fourth, an outstanding characteristic of agricultural wastes is that they require low energy as inputs in the manufacturing process when used as reinforcing fillers for composites. Since we are in a contemporary era where energy-efficient composite manufacturing is the order-of-the-day, then, agricultural wastes are essential and inevitable in the manufacture of composites that are economically made. Fifth, they are bio-degradable and renewable and do not constitute environmental nuisance, unlike metals that cause environmental pollution and cannot decompose in soil. Sixth, they are freely available at sources and are abundant in quantities. Thus, noting the above tremendous benefits from the use of agricultural wastes, a significant effort should be invested in the study of such wastes for beneficial composite fabrication. In this respect, the current study has been motivated to study a range of four agricultural wastes, including the particles of coconut, periwinkle, palm kernels and egg shells in tapped density experiments, for preparation towards being used as reinforcing fillers for composites using any of epoxy, polyester, or vinyl ester resins as the matrix in composites. These agricultural wastes were chosen due to their abundance at collection sources, in the developing countries, particularly Nigeria.
Literature review
Since the motivation for the current work is geared towards carrying out tapped density optimisation measurements for some agricultural wastes, for use as fillers in composites, the literature search is directed towards what has been reported concerning the characterisation of these wastes (particulates of coconut shells, periwinkle shells, palm kernel shells and egg shells) and the composites that were produced using these agro-wastes as fillers.
Research relating to coconut shells. For some years now, reports from goal-directed research towards coconut waste-filled composite studies seem to have been given on the increase in literature. Barbosa et al. (16) investigated the impact strength, microstructural information and the water performance of tannin-phenolic polymers strengthened with fibers of coir. The introduction of coir fibers positively influenced on the impact strength as well as the storage moduli. Pradhan et al. (17) contributed a novel article that developed composite from polyethylene powder using coconut shell powder as the filler. Of interest was the determination of the compressive strength, impact test as well as fractograhic studies. While the compressive strengths of the specimens were below expectation, satisfactory results were obtained from the impact test and fractographic investi-gations. Bledzki et al. (18) investigated the properties of hybrid coconut shell composite in terms of surface behaviour, chemical and physical characteristics. It was concluded that the coconut shell composite was stable in thermal perspectives when the temperature reached 195 o C. Salleh et al. (19) developed a composite having filler origin from activated carbon coconut shell. Improvement in the tensile strength was noticed as the content of activated carbon cocnut shell particles for sample weights of 4 and 8 wt% in composite. Sarki et al. (20) explored the fabrication of coconut shell-based composite with keen interest in understanding its mechanical as well as morphological characteristics. The conclusion was that with the employment of epoxy as well as particulate composite as fillers, the two mentioned properties were enhanced. Romli et al. (21) developed samples for coir fibre reinforced epoxy composite with interest in evaluating its tensile properties. It was the paper's conclusion that coir fibre volume fraction, curing time and coir fibre volume significantly influence the tensile dimensions of the composite. Bello et al. (22) developed coconut shell nanoparticle-based composite using a top-down approach by focusing on the milling period. It was concluded that the growth in the surface area of the filler led to decreased milling period.
Investigations of periwinkle shells. We now briefly review previous papers published with the use of periwinkle wastes. Very sparse documentation abounds on the papers on periwinkle as they relate to composite fabrication. Amaren et al. (23) utilised periwinkle in the preparation of brake pad. A developmental study on periwinkle was provided by Obot et al. (24) . In the work, it was concluded that periwinkle shells potentially have attractive interfacial bonding of the waste and polymer resin. The morphology and properties of periwinkle shell brake pad was investigated by Yawas et al. (25) . It was concluded that 125 µm sized periwinkle shell particulates rivalled in performance when compared with the commercially-available brake pad.
Studies concerning palm kernel shells. The third set of papers reviewed was focused on palm kernel wastes. The outstanding study by Dagwa et al. (26) is an important advance in the area palm kernel powder experiments linked to tapped density. The Nigerian-oriented details of the work make it unique but different from the current study in a number of perspectives, primarily as follows: (1) In our study, the samples collected were of two different sizes of 0.300 and 0.425 mm, however, no clear details about the size(s) of the composite filler used is given by Dagwa et al. (26); (2) There is no information given on how the tapping could be optimised in Dagwa et al. (26) but the optimisation adventure was rigorously pursued in the current work with the use of Taguchi's method; (3) In Dagwa et al. (26) , since optimisation was not discussed, different methods of mean determination to derive the S/N response from the factor level combinations was absent but introduced in a novel manner in the current study. The reviewed study due to Dagwa and co-workers concluded that palm kernel shell is potentially useful as filler for composites. Still reflecting on the novel work by Dagwa et al. (26) ; the study was published about four years ago and since then, a growing number of studies have advocated for tapped density experimentation of agro-wastes, including Ajibade et al. (2) , which is a recent call.
Other studies on palm kernel include Okoroigwe et al. (27) and Agunsoye et al. (28) . As the first study focused on the reinforcement potentials of palm kernel shell, the second one utilised palm kernel shell in particulate form and studied the composite's mechanical properties. It is noteworthy that neither the first nor the second investigation addressed the tapped density concerns of the palm kernel shell in their analysis. Yet, it could greatly enhance understanding of the compactibility behaviour of the reinforcement and composites. Additional contributions to the advancement of palm kernel filler based composites include Nabinejab et al. (29) , Tripathy et al. (30) and Daud et al. (31) . The first research by Nabinejab and co-workers fabricated a polymer-oriented composite which employed particles of palm shell as fillers. It was concluded that as the powder size of palm kernel lessened, the tensile as well as flexural strength of the composite heightened. The second article by Tripathy and colleagues employed palm kernel in an experimental examination of its interactive behaviour with copper in composite development. The conclusion from the work was that the thermal stability of the specimens heightened when the volume fraction of copper composite increased up to 0.2. The third article by David and co-workers seemed to have focused on the influence of aminopropylttrimethoxysilane (AMEO) composite while palm kernel shell particles were loaded to it. It was concluded that an enhancement was noticeable in the rubber-filler association and was enhanced with the addition of AMEO. By considering these additional studies in detail, it was noticed that despite the employment of palm kernel shell in their experiments, no issues such as tapped density measurements and optimisation were examined. This presents a wide gap for investigation in composite fabrication, design and development.
Research relating to egg shells. The employment of egg shells in productive research is old and several studies are credited to egg shell usage in extractive compound purposes (32) (33) (34) (35) . Unfortunately, fewer studies have shown interest in the employment of egg shells as fillers in composites. Although some studies have recognised the power of egg shells in being dependable fillers of enhanced performance when combined with matrices and tested for mechanical and impact properties, a common gap in literature is the complete absence of studies that extensively showcase details of egg shell's tapped density characteristics in terms of measurements and optimisation. This gap should be urgently bridged. However, we review the specific literature that employed eggshell as fillers in the following details.
A few studies have been contributed on composites with the filler being eggshell. Zieleniewska et al. (36) developed a composite based on egg shell waste as filler. It was concluded that results from experiment yielded positive inclination towards extending the work to the cosmetics industry. Wang et al. (37) developed a completely novel composite with the employment of Ag 0 nanoparticles integrated with Artemia egg shell. It was concluded that a composite with enhanced performance was achieved. Chaithanyasai et al. (38) developed a composite using egg shell as the filler and aluminium 6061 grade alloy particulate as the matrix in a composite. The conclusion was that enhanced performance in hardness and an attractive union of the egg shell as well as Al 6061 alloy particulate were observed. Hassan and Aigbodion (39) studied the influence of egg shell particles on Al-Cu-Mg/egg shell's microstructures as well as properties. Using carbonised and uncarbonised samples of egg shell particles, it was concluded that samples of carbonised egg shell as fillers in the matrix yielded improved physical as well as mechanical properties in comparison with uncarbonised eggshell particles as fillers in the matrix.
The following significant observations emerged from a crucial assessment of the literature, conducted on agricultural wastes involving coconut shell particulates, (CSPs), periwinkle shell particulates (PSPs), palm kernel shell particulates (PKSPs) and egg shell particulates (ESPs) based fillers and composites: (i) A large quantum of information exists, with studies applying the aforementioned agro-based fillers on composites. Diverse applications and the benefits of each fillers in the composites have also been reported; (ii) optimising the parameters of coconut, periwinkle, palm kernel and egg shell particlebased fillers is a great task with respect to tapped density experiments; (iii) There is scanty research on optimisation but the few available reports have focused on single filler among CSPs, PSPs, PKSPs and ESPs (iv) Report on a comparative analysis, on tapped density experiments, using particle fillers of CSPs, PSPs, PKSPs and ESPs with Taguchi method as the optimisation technique has not been reported in literature; (v) Reports relating to optimisation of tapped density process variables, applying the harmonic mean concept, and prioritization of S/N ratios according to vital few, trivial many, for the CSPs, PSPs, PKSPs and ESPs cannot be found in literature. As a consequence of the literature observations from the review, and the research gaps identified, the principal pursuit in this work is to optimise the tapped density parametric quantities of a set of four agrowastes, namely CSPs, PSPs, PKSPs and ESPs and report on its comparative performance in optimisation.
From the above gaps identified, it appears to the current authors to pursue the optimisation of tapped density using a range of agricultural wastes. Thus, the purpose of this paper is to optimise the tapped density values of four agricultural wastes, namely particulates of coconut, periwinkle, palm kernels and egg shells. The starting point was to carry out laboratory experiments in which the powdered forms of the above-mentioned agricultural wastes are pored into a cylinder and tapped against solid surface, in a range of taps, such that the possible changes in the filling heights of the powdered will be notices. The results of these measurements are then used as inputs into the Taguchi method and the optimal parametric settings for each of the four agricultural wastes computed. It should be noticed that the Taguchi method utilised is a modified form of the traditional method, in which in the new method, the factor levels were determined using the harmonic mean method instead of the average method normally used. This method provides a good alternative to the current method.
EXPERIMENTAL
In this paper, four agricultural wastes are experimented upon, including particulates of coconut, periwinkle, palm kernel and egg shells. The details about collection and procedures shall be given in the second part of this paper. The tapped density experiment is carried out by pouring the particulate fillers into a 250 cm 3 measuring cylinder to a measured volume of 80 cm 3 . The initial mass and volume of the material is used in obtaining the apparent density (D a ). The first four taps are applied by tapping the measuring cylinder against a fixed non-movable object. The new mass and volume of the filler particles are then measured to derive the tapped density (D t ) at four taps. Successive taps are applied in increase of four to the base of the measuring cylinder.
For every application of taps, the mass and volume of the material are measured to derive the tapped density. An experimental run is completed with the application of 12 successive taps with a maximum of 48 applied taps. A complete run is characterized by a reduction in the volume of the material and a slight decrease in its initial mass. Different number of experimental runs was completed for the each of the filler particle sizes respectively, due to their available quantities. The average mass and volume obtained from the experiments were bifurcated using the harmonic method of mean to obtain the values of the factor levels. Taguchi method uses three quality characteristic to describe the performance of the experiment such as the "lower-the-better", identified as the (LB), "higher-the-better", described as the (HB) and "nominal-the-best", tagged the (NB). Results from the tapped density experiments shows that the tapped density of the materials grew under the application of taps. However, improved composite variety demands are for low stiffness and low density composites which also requires low tapped density. Therefore, the "lower-the-better" quality characteristic will be used in this investigation. From the foregoing details, it is essential to schematically represent the flow of this research and this is presented in Figure 1 . where y i is the obtained value of the (LB) quality characteristic and n is the total number of tests in a trial condition.
RESULTS AND DISCUSSION
Taguchi method uses a robust orthogonal array which depends on the initial factors and levels obtained from the experiment, which is described by Table 1(a) as follows. (4 4 ) orthogonal array provides a framework for sixteen experimental trials to derive the optimal setting of the parameters. Minitab 16, commercially available software was used to generate the orthogonal array described by Zareh et al. (2013) observed that irrespective of the quality characteristic used, a higher S/N ratio indicates superior quality characteristic. Therefore, the factor level combination with the highest S/N ratio is chosen as the optimal level in this investigation. Trials 1, 2, 3 and 4 are the experimental trials for factor P in the first column of the orthogonal array when it is set at level 1. The S/N response for P 1 is the mean S/N ratio obtained at the aforementioned experimental trials. In the same way, the S/N response for all other factor level combinations was obtained in Table 1 3 for the 0.425 mm CSPs. Now, by following the same procedure as for coconut shell particulate, results on the same parameters as for coconut shell are obtained for the other four waste products, including particulates of periwinkle, palm kernel and egg shells. These are subsequently presented hereunder. The factors and levels of all the other waste products are described in Table 1 (a) while the orthogonal array are described by Table 1(b) which gives an outline for sixteen experimental trials to be performed was generated using Minitab 16, a statistical software package. The experimental results and obtained S/N ratios by the orthogonal array. So, the S/N response for P 1 (periwinkle shell particulate) is the mean S/N ratio obtained at the aforementioned experimental trials. P 1 = -47.069, P 2 = -47.063, P 3 = -47.056 and P 4 = -47.060
In like manner, the S/N response for all other factor level combinations was obtained to give The same operation was performed to obtain the S/N response for all factor level combination as shown in Table 1 (e). The optimal parametric setting for the tapped density of ESPs is given as P 4 Q 3 R 1 S 4 . This can be translated as 295.760 g and 71.298 cm 3 for the mass and volume of 0.300 mm ESPs as well as 266.84 g and 67.441 cm 3 for the mass and volume of the 0.425 mm ESPs. P 1 = -45.522, P 2 = -45.518, P 3 = -45.518 and P 4 = -45.518
Using the same operation, the S/N response for all factor level combination was obtained as described by Table 1 (e).
Method of mean response determination
In order to obtain lower optimal tapped density values of the filler particles, different methods of mean determination was used to derive the S/N response from the factor level combinations. This provides room for different comparative optimal results for each of the particulates which can be used for different composite varieties. In an earlier work by Ajibade et al. (42) , which focused on optimising the moisture loss and drying properties of orange peels using Taguchi method's (HB) quality characteristic. It was observed that the harmonic mean responses could be used to obtain lower optimal results, while the quadratic mean responses could be used to derive higher optimal results when needed. This work seeks to further the investigation into the use of different methods of mean response when the (LB) quality characteristic is required. For the CSPs, the arithmetic and harmonic method of mean response produced optimal parametric settings of P 2 Q 4 R 1 S 4 and P 2 Q 4 R 4 S 4 , respectively. However, these different optimal settings produced the same optimal tapped densities of 3.85 and 3.75 g/cm 3 , respectively for the 0.300 and 0.425 mm particles. Using the geometric and quadratic methods of mean response, an optimal setting of P 3 Q 1 R 3 S 1 was obtained. This gives optimal tapped density values of 3.37 and 3.4 g/cm 3 for the 0.300 and 0.425 mm particles. The optimal setting for the PSPs using the arithmetic and harmonic method of means was found to be P 3 Q 4 R 1 S 4 . This gives optimal tapped density values of 4.38 and 4.29 g/cm 3 for the 0.425 and 0.600 mm particles. The quadratic and geometric method of mean responses both produced the same optimal setting of P 1 Q 1 R 2 S 1 . This gives an optimal tapped density of 4.06 and 4.04 g/cm 3 for the 0.425 and 0.600 mm particles. Using the arithmetic and harmonic method of mean response, the optimal parametric setting of P 2 Q 3 R 1 S 4 was obtained for the PKSPs, which gives optimal tapped tapped density values of 3.62 and 3.61 g/cm3 respectively. The geometric and quadratic method of means response both produced an optimal setting of P 1 Q 1 R 3 S 1 , respectively. This translates to an optimal tapped density of 3.38 and 3.35 g/cm 3 for the 0.425 and 0.600 mm particles. The same trend of results was observed in the optimisation of the ESPs tapped density. An optimal setting of P 1 Q 4 R 2 S 4 was obtained using the arithmetic and harmonic method of means, which produced optimal tapped density of 4.20 and 3.96 g/cm 3 for the 0.300 and 0.425 mm particles. On the other hand, the geometric and quadratic method of mean responses was used to obtain the same optimal setting of P 2 Q 1 R 1 S 1 . This gives lower optimal tapped densities of 3.87 and 3.55 g/cm3 for the 0.300 and 0.425 mm ESPs.
S/N response
The investigation into the method of mean response showed how different ways of obtaining S/N response can be used in obtaining optimal results. In this investigation, the arithmetic and harmonic method of means produced higher optimal tapped density values than those obtained by the geometric and quadratic method of means. Therefore, for the purpose of obtaining lower optimal values of the tapped density values for the four filler particles in preparing improved composite variety demands where low density properties are required, the geometric and quadratic method of means can be adopted. The analysis is presented in Tables 2 (a) to (d). 
CONCLUSION
In this research, the tapped density behaviour of four different particulate fillers has been pursued through experimental studies. The second aspect of the work is the use of Taguchi method to optimise the process parameters of the tapped density experiment in order to find the optimal setting for the tapped density in each of the particles. From the aforementioned sections and discussion of results, findings have been made from the optimisation of tapped density parameters of these selected agro-wastes. These findings are presented based on the different steps carried out in the course of the work.
 Periwinkle was found to have the highest density of the particulate fillers. The 0.425 mm periwinkle particles have an apparent density of 3.839 g/cm 3 , while the 0.600 mm has an apparent density of 3.923 g/cm 3 . The peak densities for the 0.425 and 0.600 mm were found to be 4.38 and 4.30 g/cm 3 respectively, while their average densities were obtained as 4.24 and 4.29 g/cm 3 , respectively.  The 0.300 and 0.425 mm egg shells were found to have apparent densities of 3.69 and 3.34 g/cm3 respectively. The egg shells also have an average tapped density of 4.053 and 3.79 g/cm 3 , respectively, for the 0.300 and 0.425 mm particles, while their highest tapped density was obtained as 4.14 and 3.95 g/cm3 respectively. 
